The aim of the present study was to analyze the parameters recorded by the Simodont dental trainer and methacrylate block grades during preclinical practicums to validate whether manual skills can be assessed by both methodologies, over a period of two years and to obtain a preclinical evaluation methodology for all the parameters that measure Simodont performance in each of the prepared figures. To this end, the methacrylate block practice's criteria and evaluation scale were used as predictors. A total of 82 students who completed the first year of dentistry were followed for 2 years. Their performance on the same task (i.e., cavity preparation of three figures in the Simodont and methacrylate blocks) was then reevaluated in the third year. Manual skill improvement was detected in all the students. The parameters measured by the Simodont were used as predictors of the methacrylate block evaluation's results, performed by a professor. Multiple linear regression models for each of the figures and years evaluated in the study were proposed. The present study demonstrates that both methodologies can detect manual skill improvement in dental students. Additionally, the Simodont practice can be reliably evaluated.
Introduction
Dentistry students' training is directed toward the acquisition of professional skills [1] . These include diagnosis, prognosis, prevention, planning, and execution of dental treatment [2, 3] . During their professional and personal development, which is the basis for incorporating fundamental skills (cross-cutting and specific), students integrate all of this knowledge [3] . Professors play key roles in skills acquisition by dentistry students. The development of students' clinical abilities while students obtain a dentistry degree has always been performed with the support of preclinical practice [4] [5] [6] [7] [8] . The latter serves as training for students and assessment of their abilities [5, 6, 7] . In the School of Dentistry of Complutense University of Madrid (UCM), during the first and third years of the dentistry program, preclinical practices are organized into two basic types of teaching environment: traditional laboratory practicums [practice in methacrylate blocks (MBs) and in typodonts mounted on the head of a mannequin] and dental simulators. Through this new technology, students obtain immediate feedback. This allows them to correct errors performed during their practice. Consequently, students can gain experience until the goal is met. Additionally, students may repeat their training as many times as necessary to improve the learning curves based on simulation [1, 3] .
Preclinical practices in the Simodont Dental Trainer (SDT) and MB are complementary [8] [9] [10] . Of note, practice in MB can be evaluated quantitatively, allowing the teacher to measure a student's development both over an academic year or throughout the training [2, 3, [5] [6] [7] [8] 10] . Importantly, practice using the SDT provides error percentages for each parameter of practice, without numerical evaluation [3] .
The aim of the present study was to establish an equation that uses a numerical scale from 0 to 10 to quantify the percentage results provided by the SDT.
Materials and Methods

Study design
A longitudinal panel study was designed from November 2014 to February 2016. A total of 82 students were selected from the dentistry program at UCM. Enrolled students had performed preclinical practice first in MBs and then in the SDT. The designs of these two tests are identical and consist of preparation of three cavities with geometric forms (i.e., bar, circle, and cross), performed sequentially within 15 minutes. Students received a brief explanation. The study was approved by the Hospital Clínico San Carlos Ethical Advisory Committee (C.I. 17/358-E).
Traditional preclinical practice: methacrylate blocks
A transparent MB (PT Polimer Tecnic SLU, Gerona, Spain) was used. It has the silhouettes of three figures (drawn in black with a width of 4 mm). Each figure design had a length of 15 mm and width of 7-15 mm (excluding the silhouette). After completing the task and preparing all cavities, the students provided the MBs to a single professor who evaluated the three figures. To avoid evaluation bias, the same professor evaluated all the participants in the first and third grades. Each figure was evaluated on a scale to obtain the methacrylate block grade (MBG) ranging from 0 (not performed) to 10 (excellent).
Simodont preclinical practice: manual dexterity
An SDT (Moog Inc., Nieuw-Vennep, Netherlands) with software 3.18.4 was used. Through the software, each student was tasked with removing simulated caries (red) in three figures, similarly to MBs. The SDT software recorded the following parameters (%): 1. percentage drilled segment target, which represents the percentage of caries to be completely removed within the time limit; 2. percentage drilled leeway bottom (PDSLB); 3. percentage drilled leeway sides (PDSLS); 4. percentage drilled container bottom (PDSCB); and 5. percentage drilled container sides (PDSCS), where variables 2 to 5 reflect students' errors [i.e., the variables present the percentage of simulated healthy tooth structure unnecessarily removed, the leeway (healthy surface structure, green), and the container (healthy deeper structure, beige) in the floor (bottom) and in the walls (sides)]; and 6. session time, which is real time (seconds), i.e., time used by the student during the practice.
Statistical analysis
A statistical analysis was performed using SPSS 22.0 for Windows (SPSS, Chicago, IL, USA). The Wilcoxon signed-rank test was used to compare parameters between the first and third years. An overall score of the SDT practices based on the evaluation of the MB was obtained by multiple linear regressions.
The coefficient of determination (R 2 ) and an adjusted coefficient of determination (R 2 a) were used to check the power of the equation proposed to calculate the MBG based on the SDT. Additionally, the Durbin-Watson test for auto-correlation was conducted and variance inflation factor (VIF) was calculated. A model with VIF> 5 was considered indicative of serious collinearity. Simple correlation coefficients (Spearman) between the SDT results and MBGs for the assessed figures and years were measured.
Results
A statistical improvement of both the mean MBGs and the MBG scores was observed in all the studied parameters from the first to the third years (P < 0.05 in all cases). In the first year, a mean MBG score of 6.3 ± 0.9 was obtained. The score increased to 7.3 ± 1.2 in the third year for the bar figure (P < 0.00). Such result represents a mean increase of 15.87%. Similarly, increases of 13.43% and 11.76% for the circle and the cross figure, respectively (P < 0.001) were reported.
The MBGs were significantly and negatively correlated with the SDT parameters (Table 1) . For PDSLB, the highest correlation coefficient was observed with the bar figure during the first year (r = −0.837; P < 0.001). Of note, PDSLS was better correlated with the circle figure during the first year (r = −0.819; P < 0.001). Notably, the highest correlation coefficient between PDSCB and MBG was observed for the bar figure during the first year (r = −0.696; P < 0.001). Finally, for PDSCS the highest correlation was observed with the bar figure during the third year (r = −0.566; P < 0.001). Table 2 highlights the six regression models of MBG proposed. The majority of the proposed models were recommended because of their very high adjusted coefficients of determination (R 2 a). Results of the present study indicate no significant multicollinearity between the variables derived from the regression models for the MBG.
Discussion
In this study, the manual skills of the same students through preclinical practice in the first and third years were assessed by evaluating their performance on the same geometric figures in MBs and the SDT. Notably, similar investigations have been conducted with different figures after several hours of training in both practices [6, 9] . Results reported here confirm those by Bakker et al. [6] , Urbankova et al. [9] , and Rhienmora et al. [7] . Specifically, the authors demonstrated that the measured variables (i.e., PDSLS, PDSLB, PDSCS, PDSCB, and MBG) improved longitudinally and in sequential order of figure preparation, for the parameters measured with both the SDT and MBs [6, 7, 9] .
As Urbankova et al. [9] suggested, it is believed that the improvements in all the parameters measured in both practices are due to the acquisition of theoretical concepts. Specifically, when students know the goal of the treatment simulation they are performing, they gain confidence and improved manual dexterity. These results are achieved despite having improved during the second student contact in both practices. Of note, such an improvement could be higher if students could practice during the second year [11] . In the SDT practice, the students can improve their performance exclusively by practice repetition. Specifically, the professor's presence is not necessary for students to access the SDT. Consequently, the students' curricular model relaxes, enabling the students to have free access to the SDT during their second year and allowing them to develop their full potential in skill development [10] [11] [12] . This methodology cannot be achieved in MB practice because the environment is different in terms of safety. Additionally, in the MB practice, the professor's presence is needed both during practice and for evaluation, as concluded by Perry et al. [3] , Bakker et al. [6] , and Burlui et al. [2] . Therefore, it appears that the traditional methodology model is not as effective as the SDT because of the following aspects: creation of good learning habits, promotion of a culture of self-learning, and acquisition of new information [2, 3, 6] .
MB's evaluation was used to obtain a reliable methodology to evaluate the SDT practice with a strength linear association. In earlier studies, Leblanc et al. [4] and Jasinevicius et al. [6] proposed a different methodology to evaluate and compare practice in a simulator (DentSim, DenX, Jerusalem, Israel). Specifically, in this methodology, there was the need for a professor's evaluation of a cavity prepared by a student in the simulator. The professor evaluated the student on a scale of 0-100, in intervals of 5 points, with the lowest grade awarded being 60 and the highest being 95. The present study has several limitations. In earlier studies from Bakker et al. [6] and Urbankova et al. [9] , two evaluators were used to evaluate preclinical laboratory practice. However, subjectivity during the methacrylate evaluation, attributable to a reliance on the evaluator's own criteria may influence the evaluation. Consequently, it was attempted to reduce that error by using the evaluation by exclusively one professor. A second limitation of this study is the lack of control for inherent dexterity or clumsiness of the students. However, initially poor manual ability does not seem to be a discriminating factor for the success of anyone who wishes to become a professional dentist [1] .
In the present study, preclinical methodologies of MBs and SDT detected improvements in the manual skills of first-and third-year dentistry students. Equations for each figure and year tested were developed and allowed the students to obtain practice reliably. Students' evaluation was based on the grade they obtained for practice in MBs with similar geometric figures. 
